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ROOTING PATTERNS IN THE PINYON-JUNIFr:R WOODLAND*

Teralene 8. Foxx' and Gail D. Ticrncyz

ABSTRACT

An extensive bibliographical study docu-
menting rooting patterns of native and
introduced plants of the Western United
States resulted in a computerized data
bace of over 1000 different rooting
depth citations. Frou that data base,
average rooting depths and frequencies
were determined as related to species,
habit, soil type, geographic region,
root type, family, root depth to shoot
height ratios, and root depth to root
lateral ratios. Annual grasses were
found to root within 1 m of the soil
surface. Median rooting depth of other
life forms was 2.0 B with a maximum
rooting depth of 61 m. The various life
forms had the following medlan and maxi-
mum rooting depths: annual Yorbs
(median of 0.6 m, maximum of 3.0 m), bi-
ennial forms (0.8 m, 1.5 m), perennial
grasses (l.1 m, 8.2 m), parennial forbs
1.1 m, 39.0 m), subshrubs and vines
(-2 m, 6.4 m), shrubs (2 m, 17.0 m),
and trees (1.6 m, 61 m). In addition to
the bibliographic study, 21 species com-
mon to the pinyon-juniper woodland were
axcavated from soils derived from vol-
canic tuff in Northern New Mexico.
Rooting patterns and gross morphology
were sxanmined. Perennial forbs and
grasses occurred withir. the first 30 cm
of the soil surface. Roots of the over-
StOory trees Waere traced to depths of 6 m
and roots of shrubs to depths ©f 1.8 to
2.6 nm.

INTRODUCTION

At Los Alamos National Laboratory, our
primary interest in rooting depths of
plants stems from regulations cegarding
low=level nuclear waste disposal
(Nuclear Regulatory Commisesion 1982: En-
vironmental Protection Agency 1983).

*Paper tn ba presented at the Pinyon-Ju=-
niper Symposium, Reno, Nevada, January
12-18, 1986.

Authors plant ocoloqlltl,1 staff Men-
ber,¢ Collaborator, Los Alamos National
Laporavory, Division of Health, Safety,
and Env.ronment, Group HSE-8, los
Alamon, New Mexico 87344.

The current method for disposing of low-
level radioactive waste is shallow land
burial. Burial trenches range in depth
from 5-6 meters. These trenches are
usually filled within 1 = of the surface
with waste, backfilled, ard capped with
up to 70-90 cm of soil and 1l0-30 cm of
topsolil.

Nuclear Regulatory Commission (1982) and
Environmental Protection Agency (1983)
standards for design and remedial action
of disposal sites and/or mill tailings
raquire designs to prevent intrusion or
disruption for 100 years or more. sub-
stantial earth cover could be penetrated
by roots of native and introduced
plants. 1In fact, inveatigations into
thas control and isolation of buried
wastes and mill tailings have shown that
deep-rooted plants may provide a pathway
for the release of puried toxic materi-
als into the biosphere {(Dahlman et al.
1976, Whicker 1976, Dreesen and Mavple
1980, Hakonson at al. 1981, Romney and
Davis 1972, Sharitz et al. 1975). Stud-
ies at Los Alamos Nat=ional Laboratory
have been conducted to determine hov en-
gineering ol the trench cap and place-
zent of biobarriers can prevent intru-
sion (Hakonson et al. 1982).

In addition to the prroblex of intrusion
and possible transport of Wazardous ma-
tarials to the surface, plint roots are
important to prevention wf ceepage or
percolation below the trench cover.
Plants, through transpiration, have an
effect on the water balance with.n the
rooting zone. 1If evapotranspi-ation is
maximized, seepage into the water table
can be prevented eliminating a major
source of transport of hazardous materi-
alo into the ecosystem. Presentiy at
los Alamos, studies are being conducted
to deternine the biclogical and eaviron-
mental factors influencing these rates
(Rodgers et al. 1984). To determine
long=-term changes, models such as BIO-
TRAN and CREAMS (Gallegos et al. 1983,
Knisal 1980) are being usad to predict
plant-soil interactions and water-bal-
ance. B8tudies on rooting depthe and
rooting patterns are important to model-
ing contaminant transport through time.



To determine the best trench cap design
through model simulation and basic re~
search, two considerations are impor-
tant: the prevention of intrusion of
roots through the trench cap and the ma-
nipulation of the water balance within
the overburden to prevent seepage and
percolation. With these two criteria in
mind, studies were done to determine the
maximum rooting depth and the rooting
ecology of plants kaown to invacde low-
level waste sites at lLos Alamos National
Laboratory. The intention was to de-
velop and verify model simulations for
various climatic regimes and native
plant combinations for reclamation
within the pinyon-juniper woodland where
most ol the waste sites are situated at
Los Alamos.

In the rooting dapth study. we were most
interested in the potential for planss
to disrupt a trench cap, how deeply dif-
ferent species root, and the likelihood
of plants penetrating depths greater
than . m where they would come into con-
tact with wasate material. This study
was not meant to bes physioclogical but
instead descriptive and, when possible,
cuantitative. The field study, by ne-
cdssity, was descriptive because sxcava-
tion of roots is time consuming and la-
borious, naking removal of enough plants
for statistical analysis difficule,

DESCRIPTION OF THE STUDY AREA

Los ARlamos National Laboratory is lo-
cated on a plateau forming a table-like
extension at the base of ths Jemez Moun-
tains in northcentral New Mexice. The
Jemez Mountains are volcanic in origin,
with soils derived from basalt and tuff.
Climate is semiarid continental with
cold winters and moderately warm sum-
mers. Elevational gradient for the
study area ranges from 1642 m at the Rio

Grande tn 3)44 m At the top of the high-
est peak in the Jemez range. Six dif-
farent plant communities have been iden-
tified and reported (Foxx and Tierney
1980, 1934c, 1985). These include ju-
nipar grassland, pinyon=juniper wood-
land, ponJderosa pine, mixed conifer,
spruce-fir forests, and asubalpine mead-
ows. The pinyen-juniper woodland falls
into two minor elevation units--ons from
approximately 1642 m to 1915 m on the
upper edge of the Fajarito Plateau es-
carpment, and the other from 1915 m up
to the ecotone with the ponderosa pine
forest, which varies wvith exposure and
slope from 2128 m to 2219 m. Barnes
(1983) defined three habitat types
within the woodlands: (1) Junipe-

Xus monesperma/Boyteloua curtipandula
habitat type (one-seed juniper/side-cats
grama), (2) Pinus edulis., Juniparus
LSNOBRAITMA/ ; a -abitat
type (pinyon, or.e-seed juniper, b ue

;;:ma), and (3) Pinus edulis, Junipe-
ponosperma/Muhlenberxgia

montana
habitat type (pinyon, one-seed ju-
niper/mountain mulhy).

METHODS

In 1981-1982, an extensive bibliographic
study was undertaken to reference root-
ing depths of native and crop plants
that occur within the United States.
Most references wvere limited to studies
dona within states west of the Misais-
sippi. Presently, the data base result-
ing from this literature s=arch contains
over 1000 different rooting citations
(Foxx and Tierney 1984a.p).

Each paper rcferencec in the data base
was eaxamined for rosting depth informa-
tion from field studies. Also included
were observations, water-table depth in-
formation, and some tracer studies. Ar-
tificial plantings and lysimeter studies
were excluded because of uncertainties
in the comparability of the experimental
ard field data. Data base fields were

cdefined es: family, spaecies, common
name, root depth, root lateral extenh-
sion, root type, shcot height, life
form. substrate, and geographic location
and reference (Foxx and Tierney 1984b).

orice the computerized data base wvas cre-
nted, it was searched for parameters
suchk as rooting depth as related to life
form, substrate, geographic location,
and specific species. Cumulative per-
centage rooting freguencies wers calcu-
lated wvhen there wers eight or more ci-
tations.

The field study i=volved excavation of
speclies known to grow and invade low-
level waste disposal sites at Los Alamos
‘Tisrney and Foxx 1982). Twenty=-one
species were excavated () trees, 9
shrubs, S perennial forbs, 1 bhiennjal
forb, 2 annual forbs, 1 perennial grass)
(Tiernay and Foxx, In press 1985). A
backhoe was used to dig a trench about
1.5 m wide and 3 m 1lnng in several loca-
tions. Excavations vere seldom more
than 3 m deep because of possibility of
cave-ins in the alluvial scils. The re-
mainder of the excavation of plant roo:zs
wvas done with hand tools. Care vas
taken to excavate the stoutest roots to
the longest extent possible. Sometimes
the entire length of the root was exca-
vated intact but more often the root was
broken at the bottom of the trench. For
that reason formulae were developad to
predict possible lengths (Tierney and
Foxx 1982).

After the largest roots had been uncov-
ered or delineated, the antire plant was
photographaed, and the rough dimensions



of its root system measured to the near-
est S cn.

DATA ANALYSIS

For tnis presentation, rooting depths of
plants as related to life form (tree,
shrub, forb, grass) were examined from
the data base, disregarding the influ-
ence of substrate, geographic location,
or root type. These other analyses can
be found in Foxx and Tiernay 1984a and
b. Information was collated for the
plants that are known to occur in the
pinyon-juniper woodlands of Northern Nev
Mexico. Finally, this ir.formation was
compared to field excavation data.

Depths as Related to Life Form

General observations by researchers,
such as Weaver (1915, 1919, 1926,
1958), Meinzer (1927), Cannon (1911l) and
Cannon (1960) indicate that roots of
herbaceous perennials, trees, and shrubs
can penetrate to great depths if water
is avajilable. They have also observed
that annuals root to the limit of the
depth of seasonal rain pene-ration.

The computerized data base contairsd in-
formation for 40 evergreen trees, 107
deciduocus trees, 87 shrubs, 370 peren-
nial forbs, 36 subshrubs, 305 persnnial
grasses, 8 annual grasses, 9 biennial
forbs, 81 annual forbs, and 4 vines.
Average rooting depths and ranges of
rooting depths for each of the life
forms are found in Table 1. The average
rooting depths for all plants recordsd
in the data base was 190 cm with a range
of 2 to 6096 cm.

In addition cumulative percent frequency
for the 1012 plants was calculated
(Figure 1). Seventy-five percent of all
plants rooted within 183 cm and 40%

within the first mete-. The median
rooting depths are 12: cm. Only 6% of
all specimens studied rnoted deeper than
457 cm.

The cumulative rooting depth frequencies
of the nine life forms for the five se-
lected depths of 91, 183, 274, 366, and
456 cm (lable 2). Thas shallowest root-
ing life form was an annual grass. All
other life forms rooted deeper thar 91
cm. On a percent basis, shrubs root the
deespest, followed by deciducus and evar-
green trees.

Rooting Depth of Plants of the Pinyon-
Juniper Woodland

The data base was then searched for in-
formation on individual plant species
known to inhabit the pinyon-juniper
woodlands of New Mexico (Foxx and Tier-
ney 1985, Barnes 1983, Martin and
Hutchins 1981) (Table 3). Again, geo-
graphic regions, root typ~s, and sub-
strate were ignored in the search param-
eters. Cumulative frequency (%) of
rooting depths of 10 forbs and 9 grass
species was calculated (Tables 4, 5).
Three forb specias have roots at depths
¢greater than 457 cm, gayfeather, golden-
wesd, and alfalfa. Alfalifa has been re-
ported to depths of 3% m in the roof of
4 mine tunnel in Nevada (Meinzer 1927)
Other researchers (cited in Meinzer
1927) have reported roots of older
plants to dept,s of over 19 m. In deep
prairie soils, alfalfa has been reported
to root Jdeeper than 6 m (Weaver 1926).

Three of the 12 grasses found ir wood-
lands and recorded in the data base had
rooting depths of greater than 457 cm.
They included blue grama, dropseed, and
side-cats grama. Alkali sacaton
(Sporobolus ariocides) has been reported

Table l.--Average root depth for ten life forms

Average Sigma Range
—Life Form _ Rata Rage —fcm) . _(cm) ) .
Evergrean trees 40 336 54 10-6096
Deciduocus trees 107 322 451 73-3000
"All" trees 147 334 611 1,-6096
Shrub 87 3%0 350 1%-1737
"All plants 1012 190 330 2-6096
Perennial forbs 370 170 250 2=3912
"All" perennials 6758 160 200 2-39132
Subshrubs 36 140 100 S51- 640
Perennial grasses 305 140 90 5- 823
Annual grasses ) 52 4l 5= 110

(native)

Biennial forbs 9 107 38 33- 132
Annual forbs 8l eo 80 4= 1300
Vites 4 168 78 ~02- 280
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Figure l.--Cunmulative percentage frequency of rooting depth

for 1012 vascular plants.

Table 2.--Cumulative rooting depth frequencies (%) for nine
life forms at selacted depths

—Life Fcrm 9l cm 183 cm 2724 ¢cpm isécm 437 ¢cm

Annual grasses 75 - - - -
Biennial forbs 65 100 - -- -
Annual forbs 65 88 97 100 -
Perennial torbs 42 71 8s 93 97
Subshrubs 41 85 96 96 96
Perennial grasses 40 79 94 99 99
Evergresan trees 33 80 86 86 86
Deciduous trees K 52 70 78 80
Shrubs i0 47 60 72 77
to root to depths of 823 cm based on wa- (3 m). We did, howsever, supplemant the

ter table data (Meinzer 1927). Tomanek
and Albertson (19%7) excavated roots of
blue grama and side-cats grams to depths
of 400 cm. Three=-awn and downy chess
were the deepest r-oting annual grass
species.

Field Studies

The information from the cata base wvas
compared to field studies (Tierney and
Fuxx, In press). 7Table 6 shows a com-
parison of the rooting depths of 21
species eaxcavated at Los Alames with the
literature values.

Traes.--Because of the nature of tha
study, only small trees wverqe excavated

excavation information with observations
of rooting depths, in large trenches
(vover 6 m deap) being prapared for
burial of waste. Pondercvsa pine roots
were observed in road cuts, along ar-
royos, and tree fall areas as well as
data £ -°om excavations.

In alluvial soils, roots of pinyons )7.0
cm diadeter breast height (DB!!) were
traced 130 cm in depth. Ponderosa pine
10 cm DBH, on the other hand, went to
160 cm., Field observations showed pon-
derosa pine roots of even very large
trees to be primarily in the upper 3 m
of soll. This species, howaver, has
been reported to root to dapths of 25 mn
(Cannor 1960). Plants qrow?nq in shal-
low soils had well developed lateral
roots that follow cracks in tuff. At
Los Alamos in excavated trenches, roots



Takle 3.--Rooting depths of plants of the pinon-juniper woodland (shallovest

deespest)
No.
In
Data Avg. Range
——Species ——Common Name Base (cm) __(cm)
Agxostis alba redtop 1 -- 15
Agropyron trachycaulum slender wheatgrass 1 - 25
Koelexia criscata Junegrass 17 58 30-76
Bromus tectorunm downy chess 2 2?0 30-110
Festuca spp. fescue 19 78 5-152
carex spp. carex 14 89 35-183
aymencides Indian ricegrass 2 84 45-122
Poa spp blusgrass 9 88 35-213
montana mountain muhly 7 91 ~0-135
Sporobolus cryptandrus sand dropseed 4 15 91-222
Boutelcya hirsuta hairy grama 4 103 45-137
Aristida spp three-awn 8 108 7E=152
Stipa needle-ar.i-thread 10 119 63-168
bluegreama 29 119 38-396
Laropyren smithii vestarn wheatgrass 17 148 68-314
scoparius little bluesten 10 165 71-274
Agropyron desertorunm crested wheat b - 183
Andropogon gerardii big bluestem 16 196 18-135
Bromus inexrmis bromegrass 3 198 169-229
Bouteloua curtipendula side-ocats grama 6 222 76-336
Iorbs
Allium wilZ onion 1l - 15
castilleija spp Inaian paintbrush 2 28 25-30
Antennaria spp Fissytoes - 79 36-152
Mentzelia spp. blazing star 3 58 11-152
Achillea spp yarrow 5 63 14-183
3 Russian thistle b - 67
Arenaria spp. sandvort 3 77 38-117
olia pussytoes 3 40 36-48
vicia spp vetch 2 80 20-140
spp. pigweed 3 9 10-240
pinque l - 90
Solanum elaeagnifolium horse-nettle 7 93 15-152
Senecio spp. groundsel 6 94 20-154
Artemisia estafiita, wormwood 15 104 46-244
gajillardia spp blanketflower 2 103 76-130
Potentilla spp cinquefoil 3 110 10-240
Ratibida spp. conaflower 3 112 46~183
Xucca spp. yucca 7 112 30-211
grindelia mspp. gunwvesd S 115 43-185
album lamb's quarters 1 —-— 119
Cucurbita foetjidimssima coyote melon 1l - 122
Penstemon spp. besardstongue 7 129 36-305
MellloOTus spp. gweetclover 3 130 85-152
ASter spp. aster 3 154 15-335
Erlogonum spp. buckwheat 9 165 64-305
Patalostemum spp. prairie clcver 4 166 85=213
Geranium spp. geranium 2 180 86-274
Lupinus spp lupine 4 182 168-240
wilus false teorragon 1 -- 21)
Kochia scoparia SUNMMEer Cypress 1 - 200
Qencothera epp. evaning primrose ] 209 53=-305
Lithospeioum spp. puccoon 3 220 183-305
Sphasxalcea spp. globe mallow L] 262 80-396
Gaurxa spp. gaura % 252 76-427
Scladag: spp. goldanrod v 258 107-335
Chryaopsis goldenaster L] 278 130-396¢
Haplopappus spp. goldenwaed (] 287 107-518
Liasris punctata gayfaather 6 308 120-479



Table 3 (cont)

— SCommon Name

wild licorice
alfalfa

snakewveed

Apache plunme
mountain mahogany
Gambel's oak

big sagebrush
chamisa (rabbitbrush)
wild rosa

four-wing saltbush

elm

ponderosa pine
pinon pine
one-sead juniper

No.

In

Data Avg.

Base (cm)
3 395
13 690
10 122
2 115
4 113
2 238
9 248
5 293
5 391
3 392
b} 127
1 447
1 -—--
3 2438

Range
—aCm)

360-428
38-39500

51-244

60-140
40-152
80-296
110-¢14
100-457
91-640
110-762

127
10-2438
640
579-6096

Table 4.--Cumulative fregquency (%) of rooting
depths of forbs

1} + - .

Yucca
Cinquefoil
wormwood
Buckwheat
Goldenrod
Beardsctorigue
Puccoon
Alfalfa
Goldenweed
Gayfeather

———— -Root Depth
21 183 274 386
57 71 100 -

37 85 100 -
53 92 100 -

22 66 88 100
0 k) 40 100
57 86 86 100
¢ 34 67 109
17 41 57 57
0 50 67 84
0 17 S0 65

Table S.~--Cunulative

of grasses

fregiency (%) of rooting dapths

-_—  RQOT Depth

—Graxs 21 283 274
Junegrass 130 -
Bluegrass 72 100

Fascuae 64 10cC
Three-awn 50 Joo
Needle-and-thread 40 100
Mountain muhly 15 58 1l
Wheatgrass 18 77
Dropseed 37 75

Side oats grama 17 30

0o

67

100
85
83




Table €.--Comparison of Rooting Depths of Species with Literature

values found hy Foxx et al. (1984a,b)

\'4
Common Name and Excavated Average Range
Scientif Depths (cm) —fcm) f{cm)
vinyor pine 110,130,640 —— ——
Pinus edulis
pondercsa pine, 160,150 447 10-2438
one-~-seed juniper, 170,640 2438 579-6096

! monosperma

chamisa, Chrysothamnus 140,180,210 147 100-457
naugeQsug
Sqnawperry, Rhus 210,230 —— ——
txilobata
Apache plume, 170,290,260 —— -——-
Falluqia
mountain mahogany, 50 113 40-152
c9rcocarpus
wax currant, Ribes 80,290 - ———
cereun
New Mexico locust, 140,100 —— —-——
Robinia neomexicana
Cak, Quexcus &pp. 150,175,320 2138 80-396
four-ving saltbush, 185,220 314 80-762
Atriplex canescens
big sagebrush, 130,130 248 110-914
drtemisia
snakevead, GQutierrezia 24,24,32 122 51-244
sarothrae
narrovleaf yucca, 20,20 113 40-152
lucca pogustissima
prickly pear, Qpuntia 8,10,28 7% 2-366
Rolyacentha
lupine, luvinus caudatus 200 182 1€8~-240
pinque, Hymenoxys 23,25 - 90
richardsonii
mullein, Verlascum 28,42 —— ——
thapaus
lamb's quarters, 30 -—— -
Shencpodium
sunflower, Helianthus 45 —-—— 69
patiolaris
Blue grama, 53,58 119 3g=-396

gxecilid




of pinyon and juniper were traced in
cracks in the tuff to depths of 6.4 m.
The literature values indicated most
treas to root to betwaen 91-123 cm from
the surface. Deciduous trees root scme-
what deeper than evergreens.

Shrubs.=--Four distinct rooting patterns
were observed in the nine shrubas exca-
vated. Apache plume and chamisz (Fig.
2a) had well developed taproots that de-
scended directly downward to depths of 2
or more meters. The oaks and New Mexico

locust had rather distinct taproots with )

laterals forming sprouts. (Fig. 2b).
Four-wing saltbush and sagebrush had nu-
merous small roots in the upper soil
surface with larger lateral rcots de-
scending from the caudex (Fig. 2c).
Squawbush, mountain mahogany, and cur-
rant had large stem clump bases from
which rather stout lateral roots emerged
(Fig. 2d4). 1In alluvial soils these da-
scended downward to depths of 100-320
cm. In shallow soils underlain by tuff,
the roots penetrated to =he depth of the
bedrock, than grew at right angles until
encountering a crack, and then descended
downward.

The data base contained information on
87 different ghrub specimens with an av-
erage rooting depth of 350 cm. The
medium rooting depth was 195 cm, but
oser 20% of the specimens recorded
rocted to depths greater than 457 cm.
Woodbary (in Meinzer 1927) reported
roots of big sagebrush to depths of over
9 m. We found sagebrush to root to ap-
proximately 2 m in alluvial soils and
most other species to less than 3 m.

Forbg.--At Los Alamos five perennia’
forbs were excavated and roots traced:
pinque, estafiata, snakeweed, yucca,
and lupine. Although yucca is rhizoma-
tous, it was included in the studies be-
cause it often invades disturbed areas
in the pinyon-juniper wocaland. Whole
plants of pingue, estafiata, and snake-
veed were excavated and were found to
root to depths of 25 cm. Lupine, how-
ever, routed to depths of greater than 2
m. The root of the lupine was a dis-
tinct tap root that descended rapidly,
whereas the roots of the other two
perannial species were a single taproot
with Y number of laterals. Tkhe yucca
wvas found to root to 30 cm. Numesrous
sprouts formed other plants from the
rhizome.

Perannial forbs comprised the largest
nunber of entries in the data base
(370). Average rcoting Jepths were 170
¢m with a rarnge from 2 to 3920 cm,
Again, the qreatest depths were reported
for plants with roots penetrating mire

tunnels. The common alfalfa (Medjcago
gativa) is one of the deepest rocting
perennial forbs. At Los Alamos, the
deepenst rooting perennial forb excavated
was lupine. Interestingly, rooting
depths of three families were compared
in the data base, legqumes (Fabaceae)
rooted the deepest, than composites
(Asteraceae), and grasses (Poaceae) the
shallowest (Foxx and Tierney 1984a).
Legumes are often used for reclamation
or invade disturbed ground.

The highest frequency of rooting depths
for perennial forbs was 92 cm. Median
rooting depth of 114 cm was found. Only
4% of all occurrences rooted deeper than
457 cm.

.==-At Los Alamos we exca-
vated only one biennial species,
mullein. This weedy plant can growv to a
height of 7 feet. Our specimens were
approximately 3 feet tall and rooted to
deptha of 40 cm in alluvial soils. This
root depth was below the average and me-
dian rooting depths for tha nine bien-
nial forbs in the computerized data
base. The average rooting depth for
those nine plants was 107 cm with a
range of 53 to 152 cm. The common sweet
Clover was the most deeply rooted bien-
nial genus. The highest rooting fre-
quencies occur from 91 to 152 cm. Me-
dian rcoting depth is 76 cm. No speci-
mens rocted deeper than 152 cm.

.==Two annual forbs, lamb's
quarters and sunflowver, were excavated.
The roots cf these species were traced
to depths of 45 and 30 cm, respec-
tively. At 30 cm, the roots of the
lamb‘s quarters turned at a right angle
and may have gone much desper. The av-
erage rooting depth for the 81 annual
forbs recorded in the computerized data
base was 80 cm, with a median rooting
depth of 61 cm. .he highest rooting
frequency was 123 cm. There were no an-
nual forbs that rooted deeper than 305
cm recorded in the data base.

Grasses.--The most coamon perennial
grass of =he pinyon=juniper woodland in
northern New Mexico is blue grama. It
was excavated in allavial solils and
roots were measured to 58 cm. No annual
grasse3 wvers excavated.

On an average, the pereannial grasses
recorded in the data base were found to
root to a depth of 140 cm with a range
of 5 to 823 cm, whereas the average
rooting depth of annuai grasses was 52
cm.
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CONCLUSIONS

Examination of the computerized data
base of rooting deptha of species found
in varjious soils in the states west of
the Mississippi showed that the annual
grass roots were found entirely within 1
m of the soils surface. Median rooting
depths of other life forms were 2.0 m,
with maximum rooting depths of 61 m.

The other life forms had the following
median and maximum rooting depths: an-
nual forbs (median of 0.6 m, maximum of
3.6 m); biennial forbs (0.8 m, 1.5 m);
perennial grasses (1.1 m, 8.2 m):
perennial ferbs (1.1 m, 39 m); subshrubs
and vines (1.2 m, 6.4 m): trees (1.6 m,
1.5 m); shrubs (2 m, 17 m).

Field excavations of 21 species found
within the pinyeon-juniper woodland
showed that roots of pinyon pine and
one-seeC juniper could extend to depths
of 6 m in fractures in tuff. Roots of
shrubs were the most varied, some with
distinct deeply rooting taproots and
others with more extensive root systems
to the surface. In all cases, even in
alluvial soils the rooting dapths of
species found in these volcanic soils
wvere somewvhat shallower than those means
found from the collated literature val-
ues.

This study emphasizes the importance of
the engineering of a trench cap on waste
sites tc accommodate the rooting pat-
terns of planted and successional
species. The data base suggests that
most plants root to levels balow 1 m and
90% of all the specimens examined root
to depths of 2 m. Because the present
overburdens are generally only 1 m deep,
penetration of roots into the waste zone
ig certain if biobarriers are not em-
ployed. In trerch cap dsasign, the data
base can be predictive ir suggesting
which plants may be appropriate to
reclamation of sites whare rooting
depths are important. 1In addition, the
data basas can be useful in determining
the possible rooting patterns of succes-
siznal species in various plant communi-
tiss, including the pinyon-juniper wood-
lands found throughout the western
United States and eliminate time inten-
sive excavations. The study provided
some basic information needed for model
development and simulation.

Information on the physiology of roots
at various depths is important to an un-
derstanding of the influence of plants
to the water balance and contaminant
transport of waste sites in any plant
community. BSuch information was not
within the scopa of this study and needs
further investigation.
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